INTRODUCTION
Since mid-2000´s there is availability of long term interest rate measures for Brazil, expressed in long term inflation linked bonds issued by the Brazilian National Treasury. The purpose of this paper is to try to find the variables that explain the movements in long term real yields, contributing to the literature on the drivers of real rates in Brazil.
Brazil´s persistent high interest rate levels have always puzzled many economists. Many explanations have been developed for this feature in Brazilian economy. Jaeger (2012) summarizes the main hypothesis: i) fiscal weakness, ii) low domestic savings rate, iii) institutional shortcomings, iv) past history of high inflation and inflation volatility and v) credit market segmentation.
Arida, Bacha and Lara-Resende (2004) blamed jurisdictional uncertainty and the lack of convertibility of the Real for the persistently high levels of real interest rates in Brazil, but Gonçalves, Holland and Spacov (2007) failed to find empirical support to this theory, particularly when compared to standard monetary and fiscal factors. Neto and Portugal (2005) estimates the natural interest rate for Brazil in the early years of the inflation targeting regime, overall finding that the monetary policy stance for that period could be characterized by neutral, in the sense that the real rates obtained from a dynamic Taylor rule and ex-ante rates were close to a series estimated for the natural rate.
Ribeiro and Teles (2010) extended the approach in Neto and Portugal (2005) to the period 2001-2010, finding a declining path for the natural rate since 2006. Using the interest rate gap concept, they argued that monetary policy was tight from 1999 to 2005, while from 2005 to 2010 the monetary policy stance was probably neutral. Bacha (2010) explains the difference in real interest rates in Brazil and the world from 1995 to 2009, using lags of the interest rate and lags of level of the net public debt. He argues that the level of public debt, issues related to its sustainability and the inflationary past of the Brazilian economy are the main determinants of the high level of real interest rates in Brazil.
Goldfajn and Bicalho (2011) distinguish short and long term equilibrium real interest rates in Brazil. Models estimated from 1999 to 2008 indicate that outstanding credit as a share of GDP, the level of debt and risk premium, measured by the EMBI, are significant in explaining the ex-ante real interest rate, taking this as a measure of long term real rate. The short term is derived from estimates of a IS curve that include gaps of the output, international output, fiscal expenditures, earmarked credit and real exchange rate. They also emphasize the uncertainty surrounding the estimates of the equilibrium real rate for the Brazilian economy.
Segura-Ubiergo (2012) uses data from 15 emerging market countries over the period 1980-2009 to investigate the determinants of short-term real rates. The author estimates a panel vector error correction model (VEC) with many macroeconomic controls, finding that reduced inflation volatility, introduction of the inflation targeting regime, international financial conditions and domestic savings are all significant associated with short term real rates in emerging markets. While real rates drops with reduced inflation volatility and the introduction of the inflation targeting regime, tighter financial conditions and lower domestic savings lead to an increase in real rates. The study stress the importance of higher savings in order to decrease real rates in Brazil.
Muinhos and Nakane (2006) employed several different methodologies (filtered rates, IS curves, marginal productivity of capital estimates, panel regression) to analyze Brazilian real interest rates in comparison to a large number of countries. They also raise doubts about the links between high interest rates and debt levels, finding that interest rates Granger cause debt levels in Brazil. Finally, they raise the possibility that inflation uncertainty may explain high real rates levels, based on the differences between ex-ante and ex-post real rates in Brazil.
Using a variety of methods, Perrelli and Roache (2014) documents a large fall in the neutral rate in Brazil, due to domestic and external factors, although at the time the paper was written real rates in Brazil remained high in comparison to country peers.
The contribution of this paper is to assess the drivers of long term real interest rates, which have in fact been negotiated in the market for more than 10 years. All the aforementioned studies used the policy rate or a short rate (usually swap rates) as a measure of real rate, and there can be significant differences in the behavior of these series. One potential shortcoming of using short term real rates is that reductions in these variables driven by cuts in nominal policy interest rates might not be sustained over time. On the other hand, increases in the nominal short term real rates might reflect transitory movements that should not reflect significant changes in the neutral real rate. One methodology of Perrelli and Roache (2014) represents an attempt in this direction. They back out the neutral interest rate by adding the difference between the current term premium and its average over the period [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] to the trend real short term interest rate. Bonfim (2001) tried to assess US equilibrium rate through inflation linked bonds, and is the closest attempt to the one pursued here. Figure 1 shows the evolution of short term real rate -Selic rate deflated by the expected inflation in the next 12 months from the Focus survey and the long term real yield from the NTN-B. Real policy rates were above long term real yields until March of 2009. From this month onwards, policy real rates remained below long term real yields, with the exception of few months during 2011 and 2015. One feature of both series is that the real policy rate is much more volatile than long term yields. For the former, the standard deviation from December 2005 to November 2015 is 2.52% with an average of 5.94 %, resulting in a coefficient of variation of 42.4. For the latter, the standard deviation is 1.07% and sample average of 6.32, implying a coefficient of variation of 16.93. Thus, real long term yields were more stable during the period under analysis.
About the differences in behavior between short and long rates, Perrelli and Roache (2014, p.21) comment that "These estimates provide very strong evidence that the shortrun and long-run equilibrium real rates can diverge substantially, reflecting both domestic and external factors and the stance of monetary policy. " Along the same lines, arguing in favor of using inflation linked bonds to extract information about the equilibrium real rate, Bonfim (2001) points out that "…, long-dated TIIS yields should reflect investors´ views of where real short rates will be after temporary macroeconomic imbalances have worked themselves through."
This research is not an attempt to test the competing theories for the level of interest rates in Brazil, but rather to try to model long term real rates and obtain information about the neutral real rates from them.
DATA
As a measure of long term real yields in Brazil, I use the yields on Nota do Tesouro Nacional (NTN-B), available on Bloomberg. From December of 2005 to February 2010, the long term real yield is represented by the NTN-B maturing in May, 2045, which was the longest bond issued during this period. From February 2010 onwards, the long term real yield used is the NTN-B maturing in August, 2050. This follows the use of "on-therun" bonds in Bonfim (2001) , which tend to be more liquid. The series used are mid yield obtained on Bloomberg platform, and are monthly averages.
I checked the following variables as potential drivers of long term yields in Brazil: i) 10 and 30-year yields on inflation linked bonds issued by the American Treasury -Treasury Inflation Protected Securities (TIPS), also obtained from Bloomberg, ii) 10 and 30 year levels of Credit Defaut Swaps (CDS) on Brazil´s credit, collected on Bloomberg as well iii) fiscal deficit, as measured by the Consolidated Public Sector Primary Deficit or Surplus as a percentage of GDP, iv) Selic target rate deflated by the expected inflation (IPCA) for the next 12 months from the Focus survey as a measure of short term real rate, v) ratios of the total issuance of inflation linked bonds relative to total issuance, as technical factor, representing the supply pressure, and also the total issuance of bonds relative to the redemptions, also trying to capture technical factors.
As in Goldfajn and Bicalho (2011) and Perrelli and Roache (2014) , I also examined whether the lags of credit at market rates to GDP, earmarked credit and total credit to GDP ratio were significant in the equations, but none of them were. The same happened to the lags of gross debt relative to GDP, for which I also failed to find statistical significance. A possibility is that these variables influence the real interest rate through the risk premium. Table 1 shows the results from unit root tests performed on the variables used in the paper. I conducted both Philips-Perron and DF-GLS tests. It is also shown the sources of each variable.
RESULTS
Results are presented on table 2, which shows the outcomes of four different specifications. Since credit and debt variables were not statistically significant, the specification in the first column is the preferred one.
Basically, long term real rates in Brazil are mainly driven by 10 year real rates in United States and 10 year risk premium, measured by the CDS spreads. Short term real rates, the Selic real rate deflated by expected inflation, were not significant. An attempt was made to assess whether measures of slopes between the 10 and 30 year American real rates and risk premium drive long term real rates in Brazil, but none of them were.
The model does a fairly good job in explaining the evolution of long real rates in Brazil, considering its large explanatory power (96%). The Ramsey RESET test does not indicate omitted variables, yielding a p-value of 0.60, so that it fails to reject the hypothesis of no omitted variables. Table 3 presents the Q-Jung Box tests on the residuals and squared residuals of the first specification, in order to assess autocorrelation and heteroskedasticity. While there is no indication of autocorrelation, there is indication of heteroskedasticity, which could not be solved by ARCH and GARCH effects, as indicated on Table 4 , where is shown that they were not significant, up to a second lag. In order to try to solve the heteroskedasticity problem, both a GARCH(1,1) and a GARCH(2,2) were estimated. These models were estimated assuming that the errors follow a Generalized Error Distribution (GED), which emcompasses the normal, uniform and Laplace distributions as particular cases.
Finally, skewness and kurtosis tests for normality indicated that residuals of the model have a normal distribution, failing to reject the hypothesis of normality with an associated p-value of 0.18.
ASSESSING COINTEGRATION
Results from the previous section indicate that long term real rates in Brazil are mainly driven by US long term real rates and the risk premium, measured by the CDS spreads. Since the residuals from our preferred specification, shown on Figure 2 , are stationary, this is equivalent to a real interest parity in long term real rates in Brazil. One could eventually question if domestic real rates, US real rates and CDS spreads are cointegrated, i.e., whether there is a long term relationship between these variables and they contain a common stochastic trend. Since long term real rates in Brazil are borderline stationary, as pointed by the Philips Perron unit root test presented on table 1, in this section I investigate this issue, assuming that the variables are nonstationary. Since the residuals showed on figure 2 are stationary, and the estimated equation has theoretical grounds (real interest rate parity), the possibility of spurious regression is ruled out, but we could be potentially missing a cointegration relationship between the variables. For this reason, and in order to complement the analysis, I regress the Brazilian long term real rate on the US long term real rate and 10 year CDS spreads using least squares, and then test the stationarity of the residuals. This is equivalent to an Engle-Granger cointegration test. In a second step, I examine cointegration involving long term real rate in Brazil, US long term real rate and 10 year CDS spreads based on the Johansen methodology.
Based on the Engle-Granger method I found a cointegration relationship between these variables. Table 5 presents the results of a regression of Brazil long term real rate against US long term real rate and 10 year CDS spreads and a constant. All coeficients and statistically significant at the 1% level. The constant of the regression is 4.38%, which can be interpreted as the neutral or natural long term real rate in Brazil over the sample period, absent any influence from foreign real rates and the domestic risk premium. The Philips Perron test rejects the null of a unit root at the residuals, yielding a p-value of 0.0041. On the other hand, DF-GLS indicates a unit root in the residuals, failing the reject the null on the lags selected by the information criteria. Although the Engle-Granger methodology pointed to a cointegration relationship between the variables, the Johansen methodology failed to indicate the presence of a cointegrated vector among the variables*. Nonetheless, considering that the results might be influenced by the relatively short sample, I estimated a Vector Error Correction Model (VECM), with the results showing one cointegration relationship, and the results are presented below, with All coefficients are being statiscally significant at the 1% level (Table 6 ):
* The test used a constant and 2 lags, as indicated by the information criteria Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Overall the results are close to those presented on table 5. By the estimated cointegration relationship, the natural or long term real rate derived from inflation linked bonds in Brazil is 4.59%, absent any influences from CDS spreads and US long term real rate. This result is slightly above the one using the Engle-Granger methodology (4.38%). Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1. The VECM results on table 7 shows that the cointegration equation does not appear as significant in the 10 year CDS equation, while it appears significant in the domestic long term equation and the US real rate. Thus, the adjustment coefficients of the model indicate that the domestic long term real rate responds more quickly than the others variables after a change in the system, while the risk premium does not adjust, which is equivalent to say that the risk premium, measured by the 10 year CDS spread is weakly exogenous, and also the US real rate at the 5% level.
The LM test indicate the the residuals do not display autocorrelation, with a p-value of 0.17 in the first lag. The model also passes the stability test, shown on figure 3 .
Finally, figure 4 shows the predicted cointegration equation over time and compares it to the residuals obtained from the Engle and Granger methodology, based on the equation presented on table 5. Both show a similar evolution over time, very close to each other. Apart from the period during the global financial crisis of 2008, the cointegration equation seems to be stationary. As mentioned earlier, the Philips-Perron test rejects the null of a unit root, while the DF-GLS test fail to reject the null of a unit root.
DISCUSSION
Having found a model that describes well the evolution of long term real interest rates in Brazil, we can gauge the contribution of each explanatory variable over time. This exercise was done with the specification on the first column on table 2. Figure 5 shows the evolution of the long real rate and the contributions over time of risk premium and US real rate. This rate displays a downward trend over time. With the exception of the period of the great financial crisis of 2008, overall Brazilian real rates followed this declining trend. From November 2011 to May 2013, US real rates exerted a negative contribution for domestic long term real rate, influenced by the second and third rounds of US Quatitative Easing (QE), which ended with the "taper tautrum" episode, when the chairman of the Federal Reserve signaled that the institution planned to begin monetary policy normalization. This event and related consequences for emerging markets are described in Eichengreen and Gupta (2013) and Aizenman et al. (2014) . Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
Findings of these papers indicate that large and liquid emerging markets, along with those that suffered the largest real exchange rate appreciation and wider current account deficits were more affected by the tapering news, which was the case of Brazil (Eichengreen and Gupta, 2013, p.4) . In addition to higher spreads, as emphasized in the aforementioned papers, the transmission for Brazilian real rates was also due to higher US real rates following tapering news. The same dynamics happened at the time of the great financial crisis of 2008. The difference is mainly in the scale. At the height of the financial crisis, in October 2008, the risk premium literally skyrocketed. US real rates also surged, and in comparison to the tapering episode, the contribution of US real rates to domestic real long term rates was much higher in 2008.
Overall Brazilian real rates display a high correlation with 10 year US real rates. For the whole sample, the correlation is 0.81. Despite the turnaround after the tapering news, since August 2013 the contribution of US real rates to Brazil´s has remained fairly stable, with the movements in Brazilian real long term rates been driven basically by the risk premium, which rose significantly in the more recent period.
One interest thing is that, although the Central Bank of Brazil began to raise rates in April 2013, the model does not indicate that policy rate is a significant driver of long term real rates, implying that the increase in long real rates in Brazil over the first half of 2013 was mostly due to US real rates. Exercises indicate that policy real rates are not significant once we account for a contemporaneous effect of US real rates and risk premium to long term domestic real rates. Ignoring this contemporaneous effect, in a multivariate framework, a Granger causality based on a VAR(4) including real Selic rates and long term real rates indicates that the former Granger cause the latter, with associated p-value of 0.02, while we fail to reject the hypothesis that long term real rates does not Granger cause Selic real rates, with associated p-value of 0.46.
One might argue that the high levels of interest rates in Brazil could be a cause of the high risk premium. But the data clearly reject this argument. Based on a bivariate VAR between real rates and CDS spreads over the sample period, Granger causality tests indicate that risk premium Granger cause domestic real rates, while the opposite does not hold, indicating that risk premium precedes real rates over time. Results are presented on table 8, based on a VAR(2) with 118 observations. 
CONCLUSION
This paper tried to model long term real rates in Brazil. Previous studies that sought to explain or model real interest rates in Brazil used short term real rates (policy or swap rates), sometimes as a measure of long term rates. Figure 1 and descritive statistics indicated that policy rates and other short term real rates are much more volatile as compared to long term rates, based on yield of bond with maturities of more than 30 years. The findings of previous studies may by contaminated by that higher volatility. This paper is closer in content to Bonfim (2001) , who tried to extract information about neutral real rates for the US from inflation linked bonds.
The main finding of this research is that long term real rates in Brazil are mainly driven by 10 year US real rates and 10 year risk premium, as measured by CDS spreads. Proxies for technical factors affecting the market for inflation linked bonds were not significant. Variables traditionally employed in previous studies about the sources and determinants of Brazilian high interest rates, as debt levels and credit market indicators, were found not to significantly affect long term real rates.
Long term real rates were on a downward trend until the "Taper Tantrum" in May 2013, which led to a reversal in the behavior of US real rates. From November 2011 until May 2013, US real rates exerted a negative contribution to domestic real long term rates, related to -unconventional monetary policy measures. Since mid-2013, the contribution of US real rates for domestic long term rates has remained flat. The increase in real rates has been mainly a function of spikes in the risk premium.
Based on the cointegration relationships in section 4, absent influences from foreign real rates and the risk premium, estimates of the equilibrium (natural or neutral) long term real rates in Brazil lie between 4.4 and 4.6% over the sample period. These estimates should be perceived as a floor for real rates in Brazil, considering the methodology employed in this paper, based on long term relationships between domestic long term market rates, risk premiums and foreign long term real rates.
Finally, it was not found a relevant role for monetary policy on long term real rates, once the contemporaneous effects of the risk premium and foreign rates on domestic rates are taken into account. This finding echoes those from the classical economists, who believed that the long term real rate was determined by economic fundamentals and the interest structure is anchored by the long term real rate, rather than the expectation hypothesis (Humphrey 1983; Thornton, 2012) , which might warrant further research. 
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